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1h«  effort  o«poad>d  In  tho  ooeond  qtiartor'i  work  on  thio  prejnet  «■■  Mdaly 
eeneomod  with  ovnluntien  of  ooldor  nlloyo  end  tholr  ehornetorlstiea.  Iho 
boot  ooldor  oorloo  dloeovorod  during  thio  period  woo  o  eoobinotion  of 
biMuth,  tin  end  ontiaoiqr.  Horkoblo  ooldoro  of  thio  oorioo  hove  boon 
dovolopod  with  welting  polato  ronging  frow  400^f  to  273^. 

Bocouoo  ourfoeo  eloonlinooo  ond  proporotion  technique  ere  oxtreaoly 
laportent  in  producing  e  ouporior  ooldor  Joint,  otudioo  inwolwing  ourfoeo 
oxoBinotion  through  electron  aierooeopy  hove  been  initioted  to  dotemine 
the  ourfoeo  contoainonto. 

Ihe  oeneitiwity  of  the  Joint  reoietonee  eoonnor  hoo  been  ioprovod  by  one 
order  of  aognitodo  to  occurotely  deteraine  reoietonee  to  1  x  10'^  ohae. 
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I.  INTKQDOCTKm 

Tha'uork  accomplished  during  the  first  quarter  of  this  Investigation  was 
Intended  to  datermlna  a  method  or  methods  of  sample  pretreetsient  to 
prepare  thermoelectric  materials  for  soldering  and  to  determine  the  flux 
most  effective  for  the  actual  soldering  operation.  Of  the  various  fluxes 
tested,  hydrochloric  acid  was  the  only  reagent  which  produced  a  discern¬ 
ible  effect  on  a  prepared  smtple.  It  was  also  apparent  that  neither  of 
the  two  material  pretreatment  methods  selected  had  any  measureable  effect 
on  improvement  of  the  fluxing  action. 

Because  of  the  inconclualveness  of  the  Initial  flux  evaluation  It  was 
decided  to  rerun  the  flux  evaluation  In  conjunction  with  a  solder  analysis 
which  required  analysis  of  the  combined  effects  of  flux  and  solder  on  a 
thermoelectric  material  surface. 

Because  the  methods  of  pretreatment  of  the  thermoelectric  material  also 
did  not  exhibit  any  measureable  difference,  a  single  method  was  used  for 
the  balance  of  this  portion  of  the  Investigation.  This  method  was  intend¬ 
ed  to  remove  cutting  residues  and  any  surface  or  entrained  contaminants. 

II.  EXPERIMENTAL  WORK 

A.  Solder  Analysis 

In  order  to  best  evaluate  the  performance  of  a  particular  solder, 
flux,  and  tinning  method,  the  solder  was  applied  to  the  thermoelectric 
material  sasiple  at  three  different  temperature  conditions.  The  three 
temperatures  selected  were  SO’^F,  100^,  and  ISO^F  over  the  Initial 
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owltlng  point  of  the  aoldar.  Aa  noet  of  th*  solder  alloys  teated  were 
not  of  a  true  eutectic  combination  there  was  a  considerable  spread 
between  the  Initial  melting  point  and  true  llquidus  which  was  covered 
by  the  temperature  levels  selected. 

Two  techniques  of  applying  the  solder  at  the  three  different  temper¬ 
ature  conditions  using  four  different  fluxes  were  chosen  to  evaluate 
the  effectiveness  of  the  solder  end  tinning  coiid>lnatlon. 

The  pretreatment  of  the  as*recelved  thermoelectric  materials  was: 
Degrease  one  minute  In  hot  perchloroethylene ,  ultrasonic 
clean  for  five  minutes  In  perchloroethylene,  vacuum  dry 
for  16  hours  at  lOO^’c  and  25  Inches  mercury,  and  store  In 
a  dessicator  until  used  In  the  tinning  operation. 

The  techniques  used  to  apply  the  solder  to  the  thermoelectric 
material  surfaces  were: 

1.  Dio  Tinning  -  Dip  in  flux  and  then  dip  In  solder  with  the 
solder  temperature  varied  from  50,  100,  and  150**F  over 
the  melting  point  of  the  solder. 

2.  Abrade  Tlnnlna  -  Abrade  In  flux  on  a  96X  Silica  ground  glass 

^  plate  and  then  abrade  on  e  stainless  steel  dam  subsMrged  In 

solder  In  e  stainless  steel  solder  pot  with  th*  temperature 
varied  from  50,  100,  and  150^1  over  th*  melting  point  of 


the  solder 
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The  fluxea  need  in  this  analysis  ware: 

HCl  (cone.) 

501  HCl  (cone.)  +  50%  Zn  CI2  (sat.) 

Sivco  #335 

20.8  wt  Z  Zn  CI2  +  2.3  wt  X  NH^  Cl  +  76.9  wt  X  H2O 
These  fluxes  have  been  used  with  some  success  in  the  past  work. 


solders 

investigated  were: 

Solder 

Meltins  Point 

45X  Bi 

-  45X  In  -  lOX  Sn 

170°? 

50X  Bi 

-  47. 5X  Sn  -  2.5X  Sb  (BAT) 

273°? 

57X  Bi 

-  43X  Sn  (Bi  *  Sn  Eutectic) 

282®? 

70X  Bi 

•  30X  Sn 

334°? 

69X  Bi 

-  29X  Sn  -  2X  Sb 

335°?  * 

79X  Bi 

-  19X  Sn  -  2X  Sb 

390°?  * 

75X  Sn 

-  24X  Bi  -  2X  Sb 

390°?  * 

74X  Sn 

-  25. 5X  Bi  -  .5X  Sb 

390®?  * 

74X  Sn 

-  21X  Bi  -  5X  Sb 

600°?  * 

95X  Sn 

-  5X  Bi 

437°? 

lOOX  Bi 

520®? 

*NOIB!  The  melting  point  of  these  solders  ware 

datarsdned  with  an  iron-constantan  thamo- 
couple  aa  the  solder  was  melted  in  the 
solder  pot. 
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Aftar  th*  thanaoalaetrlc  alemanta  «*r*  tinned  they  war*  potted  In 
epoiqr  r**ln,  cut  so  that  the  solder -elenent  interface  at  th*  center 
section  of  the  element  was  visible,  polished,  and  inspected  at  lOOZ 
magnification  to  determine  th*  quality  of  the  interface. 

Several  of  the  solders  investigated  would  not  adhere  to  the  surface 
of  the  thermoelectric  elements  at  any  of  the  three  temperatures 
selected  with  any  of  the  fluxes  or  by  either  tinning  technique.  Th* 
solders  that  demonstrated  complete  failure  are: 

451  Bi  -  451  Zn  -  101  Sn 

571  Bl  -  431  Sn 

701  Bi  -  301  Sn 

951  Sn  -  51  Bi 

741  Sn  -  25.51  Bi«-  .51  Sb 

Therefore,  it  was  evident  that  the  only  solders  that  would  adhere  to 
the  eleownt  surfaces  were  those  Bi  -  Sn  solders  that  containsfd  21  or 
more  antimony  or  1001  bismuth  used  as  a  solder.  The  effect  of  antimony 
on  soldering  characteristics  was  confirmed  by  adding  21  antimot^  to 
the  701  Bi  -  301  Sn  solder,  iriiich  previously  had  failed  to  adhere,  now 
making  the  composition  of  the  solder  691  Bi  -  291  Sn  -  21  Sb.  The  new 
composltian  solder  would  adhere  to  th*  element  surfaces  thus  yieldli^ 
proof  that  antimony  was  the  constituent  causing  the  solder  to  adhere. 
Various  percent  ranges  of  bisnuth  and  tin  with  21  and  51  antimony 
were  checked  all  yialding  successful  results.  Th*  ranges  included 
791  to  211  bismuth  and  741  to  191  tin. 
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With  this  knowledge  workable  aoldare  can  be  made  and  used  with  a  wide 
range  of  melting  points. 

In  an  attempt  to  correlate  the  quality  of  the  solder  •  element  inter¬ 
face  a  subjective  rating  aystem  was  devised  which  waa  baaed  on  the 
relative  site  and  number  of  voids  or  inclualona  at  the  solder-element 
Interface. 


Svmbol 

Batins 

Description 

Q-1 

Excellent 

Perfect  soldering,  no  voids  in  solder 
or  at  interface 

Q-2 

Good 

Very  few  small  Y|iu  iidMi; 

or  at  the  intirface  but  not  both 

Q-3 

Fair 

Few  small  voids  in  solder  or  at  inter¬ 
face  or  mix'ture  of  very,  few  small  and 
very  few  medium  voids  at  interface 

Q-4 

Poor 

Many  small  and/or  medium  voids  at  inter 
face  and/or  In  solder 

Q-5 

Failure 

Many  large,  small,  and  medium  voids  in 
solder  and/or  at  the  Interface 

In  the  Tables  presented  in  Section  IV,  Data  Sunaary,  only  the  symbol 


representing  the  quality  of  joint  will  be  used.  Tinning  refers  to  the 
process  of  applying  solder  to  the  thermoelectric  element  surfaces.  In 
the  subjective  evaluation,  one  element  of  each  type  (n  and  p  types) , 
each  having  two  solder-element  interfaces,  was  chosen  at  random  from 
three  samples  and  inspected. 
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From  the  date  preeantad,  it  can  ba  aaan  that  tha  quality  of  the  alamant* 
aoldar  Intarfacaa  obtalnad  by  tha  abrading  tachniqua  la  not  aa  high  aa 
that  obtalnad  In  dip  tinning.  Thla  la  probably  dua  to  tha  graatar  aibunt 
of  dabrla  and  contamlnanta  on  tha  aurfaca  of  tha  aa-racalvad  alaottnt  uaad 
In  tha  abrading  aactlon  of  the  analysla  and  not  tha  fault  of  tha  tachniqua, 
flux,  or  aoldar.  Tha  variation  In  condition  of  the  alawnta  raealvad 
from  tha  aupplier  appeara  to  be  a  very  algnlficant  variable  and  a  variable 
that  la  difficult  to  control.  Thla  problem  is  being  reviewed  with  the 
material  manufacturer. 

One  possible  means  of  controlling  this  variable  to  achieve  a  consistent, 
high  Integrity  Junction  would  ba  a  standard  pretraatmant  of  tha  alaAant 
surfaces  prior  to  tinning  but  as  was  mentioned  previously  such  a  method 
has  not  been  discovered  to  date. 

During  the  solder  analysis  the  effect  of  the  flux  seemed  to  ba  about  tha 
same  regardless  of  tha  flux  composition.  Some  fluxes  ware  much  easier  to 
use  than  others  due  to  tha  constituents  of  the  flux  and  the  temperature 
of  the  solder.  In  all  cases,  the  50XHC1  -f  SOKZn  CI2  flux  left  heavy 
crystalline  residues  on  the  surface  of  the  solder  pot  which  Inhibited 
the  tinning  operation  and  the  cleanliness  of  the  Junctidn  produced. 

HCl  (cone.)  was  very  difficult  to  use  with  high  melting  point  solders 
due  to  Its  low  flashing  point.  The  reaction  of  HCl  (cone.)  In  the  high 
temperature  solders  was  so  violent  In  many  cases  that  solder  was 
splattered  over  the  entire  area  of  the  sides  of  the  element. 
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Ganarally  Divco  #335  flux  had  tha  moat  daslrabla  charactarlatlea  for 
high  aaleing  point  aoldera  and  waa  nearly  aa  good  for  the  low  aaltlng 
point  aoldera  aa  the  other  fluxea. 

Aa  a  back  check  of  the  flux  Inveatlgatlon,  aeveral  pollahed  aanplea  were 
uaed  In  the  tinning  proceaa,  however  they  demonatrated  aueeeaa  only  when 
HCl  (cone.)  waa  uaed.  A  poaalble  explanation  of  thla  phanonena  could  be 
that  alnee  HCl  (cone.)  waa  the  only  flux  that  etched  the  pollahed 
aurface  It  would  aq;>pear  Chat  the  element  aurface  nuat  be  roughened 
ailghtly  before  the  aolder  will  adhere  to  the  element  aurface.  Or,  alnee 
the  HCl  (cone.)  haa  a  lower  flaahlng  point,  Che  more  violent  reaction 
of  HCl  (cone.)  aa  It  flaahea  may  be  neceaaary  to  reduce  the  aurface 
tenalon  between  the  aolder  and  the  element  aurface  Co  the  point  Vhere 
Che  aolder  will  adhere  to  the  amooth  element  aurface. 

SDHFACH  ANALYSIS 

In  order  to  Identify  poaalble  contamlnanta  on  the  prepared  thermoelectric 
material  aurfacea  limited  electron  diffraction  atudlea  were  conducted  at 
the  Unlveralty  of  Hlchlgan. 

N  type  material  aamplea  were  prepared  by  cutting  the  material  to  the 
required  two  millimeter  length  and  then  aubjectlng  them  to  the  cleaning 
proceaa  outlined  In  the  Solder  Analyala  Section  of  thla  report.  Three 
aanplea  were  then  pollahed  ualng  gamal  alumina,  waahed  with  dlatllled  water 
and  atored  In  a  deaalcator  until  examined. 
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The  electron  diffraction  patterns  produced  for  the  three  polished 
Sandies  showed  only  Debye  rings  produced  by  aluminum  oxide  laipacted  In 
the  surface  by  the  polishing  process.  No  bismuth-tellurlda  rings  appeared. 
The  coverage  of  aluminum  oxide  was  complete  a*  traverses  of  the  surface 
Indicated  Identical  diffraction  patterns. 

XWo  of  the  polished  samples  were  treated  at  room  teo^perature  with  Zinc 
Chloride  -  HCl  flux  and  ioaxmlum  Chloride  -  Zinc  Chloride  flux  respective¬ 
ly  and  new  diffraction  patterns  were  produced.  These  pettems  showed  leas 
intense  Debye  rings  for  aluminum  oxide  and  the  emergence  of  Debye  rings 
for  pure  bismuth.  This,  Indicates  a  positive  cleaning  action  of  the 
flux. 

It  Is  extremely  difficult  to  differentiate  between  aluminum  oxide  and 
bismuth  as  both  exhibit  strong  or  Intense  Debye  rings  at  approximately 
the  same  locations.  Material  Identification  In  this  case  must  be  mad* 
using  less  Intense  rings  which  differ  In  spacing  for  the  two  materials. 

As  the  electron  beam  penetration  la  a  maximum  of  100  angstroms  below 
the  surface.  It  Is  felt  that  this  method  of  evaluation  will  lead  to 
determination  of  a  "clean"  bismuth  tellurlde  surface. 

The  other  method  used  for  examlnetlon  of  the  sample  surface  at  this 
time  Involved  production  of  collodion  replicas.  This  method  permits 
the  examination  of  surface  contour  and  also  can  be  used  for  evaluation 
of  bits  of  material  stripped  by  removal  of  the  replica  from  the  sample. 


p«g«  11 

■eport  No.  2 
Contract  No.  N0ba«M4i3 


Examination  of  aavaral  rapllcaa  taken  from  tha  pollahad  aamplaa  ahowad 
email  dark  arena  which  could  be  material  withdrawn  from  the.  aurfaca. 

One  tranamlaalon  diffraction  pattern  showed  alight  evidence  of  aluminum 
oxide,  however  thla  waa  masked  for  the  moat  part  by  evaporated  palladium 
which  waa  used  to  shadow  tha  replica.  Probably  a  heavier  replica  which 
can  exert  a  greater  stripping  action  will  remove  sufficient  material 
for  precise  examination. 

Aa  an  adjunct  to  the  problem  of  determination  of  surface  cleanliness, 
cathodic  etching  of  samples  waa  attempted.  No  real  date  has  been 
generated  aa  yet,  however,  the  process  has  been  made  to  work  on  bismuth 
tellurlde.  The  atmosphere  supplying  Ions  for  bombardment  of  the  bismuth 
tellurlde  surface  la  argon  at  a  pressure  of  approxlmats ly  ten  microns. 
The  determination  of  the  relationship  between  pressure,  etch  current, 
and  etch  time,  to  remove  a  predetermined  amount  of  sample  surface  Is 
now  In  process. 


AOniG  STUDY 


During  the  last  quarter's  work  Che  resistance  scanning  apparatus  was 
iBodlflad  to  Increase  Its  sensitivity  from  approxlamtely  1  x  10  ohms 
to  1  X  10 ohaw. 


At  nhe  sasw  tlam  the  probe  apparatus  waa  also  modified  to  provide  a  more 
stable  scan  of  the  sample.  The  data  taken  prior  to  theae  modifications 
was  not  of  sufflclant  reliability  to  Insure  tha  required  accuracy  of  re¬ 
sult  and  therefore  will  not  be  reported.  Reruns  of  the  reslutaace  scans 

for  the  aging  study  samples  are  now  In  process  and  will  be  ccaplatad 
shortly. 
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m.  mss  oy^^mY.  mm 

A.  Hork  on  cathodic  atch  proeaaa  and  avaluatlon  ualng  alactron 
microscopy  will  continue. 

B.  Tha  bismuth  >  tin  >  antimony  aoldar  aarlas  will  ba  asaminad 
mors  elosaly  and  tha  best  eoad>lnatlon  of  solder  alloys  flux, 
and  application  method  will  ba  datatmlnad. 

C.  Elactropollshlng  will  be  evaluate J  aa  a  cleaning  tachnlqua. 

D.  Mechanical  testing  of  prepared  aamplea  will  ba  Initiated. 

E.  Ultrasonic  tinning  of  aaoplas  with  bismuth  -  tin  -  antimony 
aoldar  will  ba  Initiated. 


DATA  SUWARY 
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DAIA  amUKi  -  14BLI  1 

Solder  Method  -  Dip  Tinning 

Solder  Alloy  -  50%  Bi  -  47 .5%  Sn  -  2.5%  Sb 


(P  -  type) 


Flux 

HCl 

(cone.) 

Tina  Fairly  Easily 
Q-5 

Tins  Easily 

Q-3 

Tins  very  easily 

Q-3 

50  HCl  + 
SOZn  CI2 

Tina  easily 
qrU 

Tins  easily 

Q-4 

Tins  easily 

Q-3 

ira4  Cl  + 

Zn  CI2 

Tins  easily 

Q-4 

Tins  easily 

Q-3 

Tins  easily 

Q-2 

Divco 

#335 

Tins  easily 

Q-5 

Tins  easily 

Q-3 

Tins  easily 

Q-2 

(«L-  .ta><a,- 

Flux 

MP  +  50®F 

MP  +  100®F 

MP  +  150®P 

HCl 

(cone.) 

Hard  to  tin 

Q-5 

Very  hard  to  tin 

Q-3 

Very  hard  to  tin 

Q-1% 

50  HCl  + 

50  Zn  CI2 

Hard  to  tin 

Q-4 

Hard  to  tin 

Q-2% 

Hard  to  tin 

Q-3 

NHa  Cl  + 

Zn  CI2 

Hard  to  tin 

Q-5 

Hard  to  tin 

Q-2% 

Hard  to  tin 

Q-1% 

Divco 

#335 

Hard  to  tin 

Q-3 

Very  hard  to  tin 
Q-1% 

Very  hard  to  tin 

Q-2% 
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DATA  smog  -  TABU  2 

Solder  Method  -  Dip  Tlonlog 
Solder  Alloy  -  lOOX  Bleouth 


fP-type) 

Flux 

mp  +  100®F1  620°P 

HCl 

(cone.) 

Can  not  tin 

Can  not  tin 

Can  not  tin 

50  HCl  + 

50  Zn  CI2 

Hard  to  tin 

Q-4 

Tina  Eaally 

Q-4 

Tina  eaally 

Q-4 

1IH«  ^l?  ^ 
Zn^Clj 

Hard  to  tin 

Q-5 

Tina  Beally 

Q-4 

Tina  eaally 

Q-4 

Dlvco 

#335 

Tina  very  eaally 
Q-3 

Tina  very  eaally 

Q-3 

Tina  very  eaally 

Q-4 

(N-type) 


Flux 

MP  +  100®F 

MP+  150®f 

HCl 

Can  not  tin 

Can  not  tin 

Can  not  tin 

(cone.) 

SO  HCl  + 

Hard  to  tin 

Tina  eaally 

Tina  eaally 

SC  Zn  CI2 

Q-3 

Q-2 

Q-1% 

HH.  Cl  + 

Hard  to  tin 

Tina  eaally 

Tina  aaally 

Zn  CI2 

Q-5 

Q-2 

Q-1% 

Dlvco 

Tina  vary  eaally 

Una  very  eaally 

Tina  vary  aaally 

#335 

Q-2% 

Q-2 

Q-2 

BATA  saaom  -  umjx  3 
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Solder  Mettwd 


Abrade  Solder  and  Flux 


Solder  Alloy 


SOX  B1  -  47.SX  Sn  >  2.5X  Sb 


(p-tffie) 


HCl 

(cone.) 

Tina  eaally 

Q-3 

Tina  eaally 
q-4 

Hard  to  tin 

Q-3 

50  HCl  + 

50  Zn  CI2 

Tina  eaally 

Q_4 

Tina  eaally 
q-4 

Hard  to  tin 

Q-3 

MH^  Cl  + 

Zn  CI2 

Hard  Co  tin 

Q-3 

Hard  to  tin 
q-3 

Hard  to  tin 

Q-3 

Oivco 

#335 

Tina  eaally 
q-4 

Tina  eaally 

Q-2 

Tina  eaally 

Q-1 

(M-W) 

MP  +  50®F 

MF  +  ioo®r 

HP  +  150®C 

K1 

(cone..) 

Tina  eaally 

Q-4 

Tina  eaally 

Q-4 

Hard  to  tin 

Q-3 

SO  HCl  -f 

50  Zn  CI2 

Tina  eaally 
q-6 

Tina  eaally 

Q-2 

Hard  to  tin 

Q-2% 

MHa  Cl  + 

Zn  CI2 

Tina  eaally 

Q-3 

Hard  to  tin 
q-4 

Can  not  tin 

Dlvco 

#335 

Tina  vary  eaally 
Q-2 

Tina  eaally 

Q-3 

Tina  aaaily 

Q-l% 

PATA  amtiAfnr  -  T/IHf  ^ 
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Soldor  Nothod  -  Abrado  Soldor  and  Flux 
Soldar  Alloy  -  74X  8a  -  24%  B1  •  2%  Sb 


(F-PR*) 


Flux 

Ha 

(cone.) 

Hard  to  tin 

Q-5 

Tina  anally 

Q-5 

Hard  to  tin 

Q-5 

SO  HCl  + 
so  Zn  CI2 

Tina  anally 

Q-4 

Tina  anally 

Q-5 

Bard  to  tin 

Q-* 

HH.  Cl  + 
Zn^Clj 

Tina  anally 

Q-4 

Hard  to  tin 

Q-3% 

Can  not  tin 

Olvco 

#335 

Tina  anally 

Q-4 

Hard  to  tin 

Q-5 

Hard  to  tin 

Q-3% 

CH“ttrPf} 

Flux 

HP  +  50®F 

150®F 

Ha 

(cone.) 

Hard  to  tin 

Q-3 

Tina  aaslly 

Q-4 

Hard  to  tin 

Q-3 

SO  HCl  -t- 
so  Zn  Clj 

Hard  to  tin 

q-2% 

Hard  to  tin 

Q-5 

Hard  to  tin 

Q-3 

8^4  Cl  + 
Zn  CI2 

Hard  to  tin 

Q-3 

Can  not  tin 

Can  not  tin 

Olvco 

#335 

Baay  to  tin 

Q-4 

Hard  to  tin 

Q-4 

Hard  to  tin 

Q-6 

